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(57) Abstract: A semiconductor optical element comprising a semiconductor substrate, and an active layer having a plurality of 
quantum wells consisting of a plurality of barrier layers formed above the semiconductor substrate and a plurality of well layers 
sandwiched by the plurality of barrier layers. At least one of the plurality of well layers comprises an In xa Ga (1 . xa) As film wherein the 
composition ratio xa of In is any value in the range of approximately 0.05 to approximately 0.20. Consequently, the semiconductor 
optical element is formed as a strained well layer where the lattice strain occurring in the well layer is any value in the range of 
approximately 0.35% to approximately 1.5%, and the strained well layer is formed to have a band gap wavelength different from that 
of other well layers. Consequently, the semiconductor optical element is constituted to present wide light spectrum characteristics 
having a central wavelength from approximately 800 nm to approximately 850 nm and a spectral half peak width of a predetermined 
value or above. 
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M^m^h^mi^mmi(Dnwt^xGaAsmm^m^^(DmrMxh^ 0 

[0060] GaAs^^TO, ni L (D&m^lEJL(D&mJM£ v )A'%^^fchb, n-GaAsI 

[0061] ^rbT, r^SLDlOO^l^Ttt, ?£ttJf3;0^^^f£^£lcD»®_h(7> , fiS9^ 

[0062] ^7t, ^(DSLD100^fflV^tL5^KD^^Kii2«, n-Al Ga AsJi/&>£?& 

xb (1-xb) 
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<5o 

[0063] ^©l&^n-Al Ga Asfi^^S^ltUTfflV^^Sn-GaAst^ 

xb (1-xb) 

[0064] ^1^75/KJl2^bTfflV^ttSn-Al Ga Asc£>Al|flj3cJtxbf3:l3&0 

xb (1-xb) 

[0065] r<DSLD100^fflV>feti,5?£'|4Jf 3^ ^3£-T3EI 3A, B^-f <t5^, W$k<DW- 
ii3al, 3a2-^ !«tMf liJi3al, 3a2-<DW^*tbT^$tb5l!S*:© 
#FS3bl, 3b2-t/S>^S^|gC<Z>A^#F3cl, 3c2-Sr^rt-S„ 

[0066] ^LT, WkOlVFMZhl, 3b2— tf*, -ttb^tu T^K— ^Oln Ga As^ffl 

xa (1— xa) 

[0067] 1»<D^Jl3al, 3a2--^ N ^tb-^tb, T^K— ^©Al Ga As^rffl 

xc (l — xc) 

[0068] rr^\«©#FJi3bl, 3b2-^MV>fetb5ln Ga AsJ3\ ^^FJlft 

xa (1 — xa) 

r£flS-C#Sfci£>, ??H4S3S:flf^i-5«»:0#FS3bl, 3b2---^>^<^— ocD 

[0069] ^^<^locoM#Fil«, ft3zE-r5i9^s ffiOi^Fi:^^ 

^K^^SESSr^-^St^tC^FJlMV^tbSTVK— ^©In Ga As 

xa (1— xa) 

^«t5, ys^#FJirti?£-r5te^a5ifto. 35%^m&i. 5%*w«sh©v^ 

[0070] :iT?, #FiHfflV^f>*v5ryK'- ^©In Ga As^&ttSInCDffij^itxai 

xa (1— xa) 

[0071] In Ga Asfl^ftS^tFJlrt^-f 5^^*s« N GaAsffl£^*i~r5*g- 

xa (1— xa) 
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[0072] s = 

[{a(lnGaAs) -a(GaAs) }/a(GaAs)]X 100%- •• (1) 
i&U 

a (inGaAs) 

= a(GaAs) X (1— xa) +a(lnAs) Xxa •■• (2) 

a (InGaAs) {3In Ga AsCD^^-^TCfc^ xateIII^7n?!f ^(ZHnffl. 

xa (1— xa) 

[0073] a(GaAs)li, GaAsOfa^feWcXTfoV , a(GaAs) =0. 56533 (nm) T?&5 0 

[0074] ^fc, a(InAs) InAs^tg-^^fc-Cfo^ a(InAs) =0. 60584 (nm) T?fe5 0 
[0075] Lfc^oT, ^BjTMffi-r^InOiafiSc^bxa^TMOO. 05<Z?|§^ N a(GaAs) 
= 0. 56533 (nm) RlFa (inAs) =0. 60584 (nm) £ (2) ^df-tAI - ^, 
a (InGaAs) 

= 0. 56533(nm) X (1-0. 05) +0. 60584 (nm) XO. 05 
= 0. 5370635 (nm) +0. 329200(nm) 
= 0. 5673655 (nm) 

[0076] IkK, r. ©a (InGaAs) =0. 5673655 (nm) <t N a (GaAs) — 0. 56533 (nm) ^Sr ( 

s=[{0. 5673655 (nm) -0. 56533 (nm) }/0. 56533 (nm)]X100% 
= {0. 0020355 (nm)/0. 56533 (nm) } X 100% 
= 0. 3600551% 

[0077] ^tb^<t!9, #38Ura3\ In(7)MM:xa^TtiWS©0. 05<Z)^(7)^^Ss^B§ 
0. 35%tbTV^ 0 

[0078] ^PJ-e«ffi-r5ln(D,m^]:bxa^_b^jjto. 20<Dit^ a (GaAs) =0. 56 

533 (nm) ^t^a (InAs) =0. 60584 (nm) £r (2) ^A^iXX^t, 
a (InGaAs) 

= 0. 56533(nm) X (1-0. 20) +0. 60584(nm) X0. 20 
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= 0. 452264(nm) +0. 121168 (nm) 
= 0. 573432 (nm) 

[0079] tfCfc, rcDa(lnGaAs) =0. 573432 (nm) a (GaAs) =0. 56533 (nm) tSr (1 

s=[{0. 573432 (nm) -0. 56533 (nm) }/0. 56533 (nm) ] X 100% 
= {0. 008102 (nm)/0. 56533 (nm) } X 100% 
= 1. 4331452%) 

[0080] rtLfcj:^, ^IS^-CH:, In(Z>JifiJ5feJtxa^_bPHiiCO0. 20(7)^^(7)^^-Mas^Pl§ 
1. 5%£UTl^> 0 

[0081] E*_hfc<fctK rODH»^^SSLD100«, &jfrr5<fc5fc, ^cD^^fv^g 
5fe#tt^bT, ^-^^S^B#800nm^^lS&850nm^-e(DW-C\ B»T^BW-h<£>*^ 

[0082] mWC(D#rm3bl, 3b2-f3 > g|3A^i— M^*3V>TJ*. Hl^.U ? H2cD 

2«i^?>*^ ^lc75ffi^(7)#Fji(^Ts fJl©#FS3Bl)OIn*Ej^Jtxar±0. 

^2©fIig(D#FS(WT, ^2©#FS3B2)(DIn|lj^i:bxatt0§O. 02 
^rtLfe»J?^d ^TB&3nm^^tt5o 

2 

«-a^o#Fii^2jii-r5 0 

[0084] WkV>fcMM3a.l, 3a2---^fflV> W5A1 Ga As(DAlffij5£itxc«;, 

xc (1 — xc) 

[0085] 02A«, ±fE— M^i5#FS<Z)lMd(nm)^^^K^f>^ 0 (^^)^SX (n 

m)^^g|#^In(D|J.^lt:xa^> o ^^-^^bT^-r#tt0Tfc5o 
[0086] K2A^^-TJ:5^^ ^^Fg^fflV^^tLST^K— 7°(DIn Ga As^*3ftSIn 

xa (1— xa) 

JtfeJfcxajWO. 02(Z)^#cD^^^K=¥>^ o iKftttB§810nm-CfcS o 
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[0087] ^2B«, ^©Mte«fc5#FS©JIMd(nm) ^^K^S^CIB^iSS A (nm) h 
[0088] 02B^^i-«t5^ ^^Fifi-ffiV^tlSX^K^^In Ga AsfcSSfrSln 

xa (1— xa) 

[0089] ft 33, 02Bte*3Vvt\ m^HH"e^-r#ttfi^MjlAl Ga AsfcSStt-SAl 

xc (1— xc) 

[0090] 02B^3oV^T, 0^5M"e^-r#t4ttPflijiAl Ga Asfc*3tt5Al 

xc (1— xc) 

[0091] ®3A«, ±|E|l|2A^^b7h— Mi-^6^ttJi3(D«3g^PJ«|ll-t?fc5 0 
[0092] ClOfiH4ji3«, Stroiiiaal, 3a2--^ R1S8fe<£>|SgMJB3al, 3 

a2 - ■ • (D W ^f^tLT7T^$tL6»»#F)l 3b 1 , 3b2 - ■ ■ ^bT-^SIgri^^ 

\ 2®3bl, 3b2^.tj«3b3, 3b4^^ft5 0 
[0093] EI3A^*3V^T, Ecf^^^COjSCD^/^— 2fM&3r^U Eviifif^©±ffi 

[0094] *7b, S3A^*3V^T, fB#hf3\ Zfy^tfeWcV&O, |B#cfi)tjiSr^i- 0 

[0095] m:\ H2©#FJf 3B2«, -^GDjp^d^d /^K=¥VX7°« X (0§84Onm 

i i 

[0096] ^Th, 01^#FS3B1{^ J?£dtf*d "C\ ^>-K=¥> S^ifiS A, (ffl£810nm) <D)fe 

2 2 

[0097] ±fE03A^UfcJ;5^, ##FJl<£>Jf:£d£l/0£>d £d ^^tl>S§3nm 

1 2 

[0098] #K£S®3al, 3&2 — <D^d fi, ^TIH— tflOnm^*t"Sc 

b 

[0099] ®3B«, ±|E02B^U7^ftfeOM^«tSflH±W3©#^fft^ , f-Sia-t*S)Sc 
[0100] -Tft^^, ^©flH4S3fi, «m<^PMS3al, 3a2-£, ^«^OP«S3al, 3 
a2--<Dffl\Zte&£tl5Wk<D# : F i M3bl, 3b2---tVX^(Dmm&2mmX\ 
M(D#FMk\^X<D$gl<D$rFim3Bl&2m<£>j¥7*M3bl, 3b2&'U^2<Z)#FJi3 
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B2^3jf o^^jf 3b3, 3b4, 3b5fa&>&&5 0 
[0101] 03B^*3V>T % EcnBm^&(0^^—m^^U Evttffi*^© ±1& 

[0102] 03B^*3V^T, IB#hfi, T^^^BrC&t), iE#ci33tej£Sr**-f- 0 

[0103] ^2cD#FS3B2(i N *©J?$d^d T\ ^yK^t^^ftX (B§880nm 

i i 

[0104] Hl(D4tFS3Bm, J¥£d^d -C\ /^K^t^ft^ (B§810nm)(D7t 

2 2 

[0105] _hfE03BT^L7U;5^ ^#F*Jl<£>ff£d£L-T<£>d id ^ti^fimSmn 

1 2 

[0106] £fc, #PS®fl3al, 3a2---(Dj?:$d fi, T*B&10nm£-?-5 o 

b 

[0107] El^MSi, ^©SLD100mMV^tLS^2O^9s'KS4fip— Al Ga 

xb (1-xb 

AsJf ^/£<9, j eo^Jj»B4fe*^H:B&lxi0 18 cm" 3 "e&«9, ^©lJ|fj:»|2/imt& 

■So 

[0108] J&*3 % B2©^9yKJl4^^^ttibtbTV^^y^^|3§jhJi5fi, InGaP^fc&«9 

, -?:c7)jlj?«Pl§15nm-I?fe5o 
[0109] rcOSLD100tCfflV^tb5=t^^hji6fi, p + -GaAsJf^f^£i9, ^(D^ffl 

yommttmi X 10 19 cm~ 3 l?fci9, ^J1J¥{»1 M m-C&Sc 
[0110] ^V^^bii6fcMV^tL5p + -GaAsJicDpMcD^»ib-r«, Mx. 

[0111] ft:j8 % 3^^hJl6(D±^-(D«ffi(^T, pmffiiV>5o )8i3^^^6i« > SiO 

2 

[0112] J£*T> ^PJtD^KDUffiCO^ffi^^SSLDlOO^^jg^^oV^T, 04A7!/ 

S HI 5C UTtft ~T 5o 
[0113] , m4AK^k-rX0K, n-GaAs^^^S^f«Kl(7) (100) ffiW_b^(d, n 

-Al Ga As®a»£>/jl5^1<E>^9s>Kg2, T^K— ^°<DIn Ga As#»£>&5 

xb (1— xb) xa (1— xa) 

xc (1— xc) 
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Wk<&-3&-$rF i $r5ttm&m3 s p-Al Ga Asgd=»fesfeS^2©^9yKS4^ 

xb (1-xb) 

[0114] rr"e, H2©^^KS4^^ttji 3*»9«Xfcff^, p-InGaPd^&S^s,^ 

[0115] ±|E#^*^g2, 3 N 4, 5, 6{i, Mfctf, MOVPE(Metal Organic Vapor 
Phase Epitaxy) (DS#T^fflV^Tiiff$tLT^J:<, m<D&ffi&m\f^XJ&ffctZ><D 

[0116] JifE#¥3Sf*)i2, 4, 5, 6l!l*3lt5nM©^*B^^UTtt, Mfctf, Si^&fl* 

[0117] *^K^*3»tS#^*e^©3fiffltt, rtL^(D7n0^P5^tL5^<Z)T^< 

[0118] _LfE<£>#¥##Jl2, 4, 5, 6(DJ¥§«, ^SISM^^ ^t^tl. 

2 ^ rru 2/tm^ 1 5nrru 1 £t mfSi^"Cfc?)o 
[0119] fiH4Ji3tt, ±.m-?mmVtcm<DMj&, -t fcfc)^ »tf>P«S3al, 3a2 

-»|B«iC©|*lilS3al, 3a2-ra^tfe^^«ic©#FJi3bl, 3b2-i:tf>£> 

^«m©*^#F3cl, 3c2---§r^--rS^cD^-r5 0 

[0120] -r^^*>,^'i4Ji3^t*j^-r6mmco#Fji3bi, 3b2---©5^ 

^FJS^tU-JlV ^fenST^K— ^(Dln Ga Asfc:i8tt5ln©*&j£Jfcxafl5|fc 

xa (1— xa) 

[0121] £7^ _b|EO#^#:ji2, 4, 5, 6*<W*Mfc«£tt, ¥^£«lft^^^ 

1 X lO'W 3 , 1 X 10 18 crrT 3 , 1 X 10 18 crrT 3 N 1 X 10 19 crrT 3 |£J^ 

[0122] ft*3, _hfETO, Eft±JB3«rfll j5fe-T6»(D#FS3bl, 3b2---©J¥£8r-Weft 
[0123] £*Tfc, m^O!filcffi[WRR^aS^"OV^TlftWt"S 0 
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[0124] ffJxt!LfcrW5:S#fj^iI@-Ctfe«cLfcJ;5^, 800~850nm#i£^^ 

[0125] ffittl^OiSSiltii, ^HiA^#m*3 iU«*^-#F— CO^y 

raA^^^<«-f-6<hV^«I^^^Al|aj^^b^S0. 2-0. 3@Jt»AlGaAsBH 

[0126] i-^^, ««TW3^{«^-m, i;ft^#FJt»liJf ££fflvvr 

-So 

[0127] InGaAsfll^FS^V^^J;^ ^©^itJ±«l^(^^^) 

&m±£"&&^b&X%, GaAsXnmW,^^Xm^iVX^^2-D(D^>V(D0-h, 

[0128] -^(D^, W«)«m(0/h§Vv^H\ i"^-^ ^^S^/J^W^KSr*— 

(DSJS^©^^^Ki-r5rt^-e^§f c ^^ InGaAsfll£#FJii-£!V^c:I:^#F 

-e«> #FS^3£££;ft5j±*i^(^^) tot, ^^vv^x^yr^^ 

-C#*^-^(7)^^/^?p{i(quasi-Fermi level) Srift<i"5ri:/5S-C#, 
[0129] L/^Ui^ib, t^*StftJ;5¥*f*7fe#^--ett, fu3£UU;5^ 800~850nm 

[0130] dtbte, Mfctf, _bfE#ff«2^fE«c$tl.TV^^'Wft^H§800nmJ;^^ 

[0131] «PJ^^f*^*^-^^6^ttg3^#^-r6tI 

^C(D#F)i3bl, 3b2---(Dj¥^(7)TPH(B&2. 5nm) ^.^»(D#Fil3bl, 3b2— 
^V^tLSln Ga AsHcr)In*a^l;bcD_h|3S(|l|§0. 2O)^OV^T|^0^-T5 O 

xa (l— xa) 
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[0132] 5fe1\ #FS£r#<bTV^<^ jjfe^l^FJi^^-Ji^^KOff^^^^pg 

[0133] Z.(D^otm^M^^V(Dm^(Dmh^i}^mtfM^^^m(Dm^, 2. 5n 

[0134] Ut&iX, ®^S^/>©J?$©S^^ s raS^ 
b&V\£5i-> InGaAs(D#Fii»TPS^B&2. 5nm£U #F8®J¥£«;H&2. 5nm 

[0135] #FJi^*3»tSln«a^M:S:^<UTVK^ % #FJ1 £GaAsg^£tf>te^ 

[0136] r©J;5^*tt^rajSt*:t)^feSIhm^Jttt, 0. 20SS^feS 0 

[0137] Lfc^oT, «0J(D^f«*^--e«, #FJi©In*l^Jfctf>_LIE«:lfcO. 20^ 

[0138] iifHcD/^K^g|O^jm^^E5>Mfe^V^^^f^0J^M5o 

[0139] Witf, #FJf <£>In#_a£5cit£0. 03£U AlGaAsWtSg©AUiflJ5feJtS:0. 3irf3 

f313~14meV£&& 0 

[0140] ro^/v^— m-£, m&(D^/v3c— (kT N r.r-c, Tfi^^M"C300K^b, 

kfiJ^/V-y-v^jeffife-efcSo )25. 9meV©^$tf&g"T?a>5fc«\ 13~14meVcD^ 
[0141] £©«fc5^ ^SfiaS^^if-Ctt, 4tFJI^In»J5£j:E:^0. 03H£V^ 

[0142] -n^nu *mmxn, m^ms^m^-r^mm^^m^inu^t^mi&x 

[0143] rtE>4&£\ ^tt)i3«J^-r5W^:»#FJi^InGaAsI^fflV\ ^^#J (_LfE 
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i 

\HX\M&-§:iM(±.fZm2A,m3A(DM&X\ X : B£810nm) (D^m^InM^it 

2 

[0144] -r&frib, ^Jl^bT^^K^Vy^m^6M»S^-#F^fflv^«0^^ 

[oi45] ^nn, m^m^vx^^^m^^^xmm(Dm^^^m<m-7^^mm~i 
[0146] ^ m'\m3%m jft-rzm&^m^inGaAsm&m^^tK 

[0147] m:\ ^ttS3^f#j3g-t-5itm»#FS^fflV^tL5lnGaAsIf(DI 

nm.^t^rmmt\^x<Dmo. o^t-r^tm^ ^<Dmts&Tmmb\^x<Dm2. 5n 

m£U AlGaAsPf lijl(DAl|lj5fel:[:^0. 3£i"5£ N ^^K^rV.y 7°l£S{«800nm 

[0148] ±m<Dmmtmm(Dmf^x^m<Dinm^t^rmmtvx<Dmo. ost-rzt 

850nm(IESl^«, 857. 8nm) <H&5 0 
[0149] ±|HOtMilII#^«^#FJ10J¥$^TPM^LTO|ll§-2. 5nm£U ^ 

(Dinm.s^it^±miw.tL-x(Dmo. 2oti,fzffij&<Dm&, ^v^y^Mnmss 

OnmOEffemZs 862nm) W&kfe&o 
[0150] ±|EOj:5^> #3891 -?f3\ ?»S3^fM^6»»#F)i^fflV^tl.5InGa 
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AsIlcDInMctf^B&O. 05~B§0. 20k1r5b&^ *:<DW£$:ti&2. 5~B&5nm£ 
i-SrtlJlioT, _h3£Ufc«fc5fc, ^R^FSrt-e^-fSB&O. 35%^fbl. 35%<7) 
t&^^03b^^rS!ll^ffii-5ri:^"e#S©-e, B§800~B#850nm<£>^;R:^ 

[0151] &4b\ ^P^cDiiffltt, _bfS(D#^2»#:jl2, 4, 5, 6<^Jiff^OT»fi^»S{vl 

[0152] _b|E(D^^aSf*ji2, 3, 4, 5, 6£^Lfc^<Z>^3l^o^Tt£^-r3 0 

[0153] 04A^^-f-J:5^> ^byy^^»f^SrMV^T, U^SPlOt^jftgP 

R ^5^§tbS 0 
i 

[0154] ])yi?$$lO(DMtt\*in, [011]$lb^fR]^fB]V^TV^tO^-rS(XS2) 0 

[0155] im-^y^v^flf^v^h^-^R ^JF^L/i^, M-ilgHfc7k*7k^ 

1 

1 

rn^^p£jhjl5J;^t ) *MIiJ^^#:lI(^2(D^yKJi4^.^^^hS6)^ 

^f^tiot^L, y^v ? ^10t^M20i:?r^fi-S^8t/#^JF^^^ 

5(X@3, g|4B#fiSJ 0 

[0156] ft*5, X©3^Hf#^J^Lrt^, y^^^gffflW^b/^^-^R tfSI&i^ftS 

1 

[0157] X©3"t?#lltflStt:7l£j&U/fc&, ECR (Electron Cyclotron Resonance) x CVD 
(Chemical Vapour Deposition) ^(D^fe^fflV ^TSiO ^^^5|fi^If7^^ 

2 

5fc£*L5(X*14, 04C#BSO O 

[0158] xa4t?sio d^j&s*6ig^7Sr^j^uyt^, 7^hyy^^^#^fflv^T, y 

2 

2 

2 

[0159] X@5-e3^yyh*— ^R SrT&ifcUfcSU M^w^yf 

2 
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[0160] &*5 % XfM6Tf3, a^^jfc— /ls&te&Ut&* 

2 

[0161] X@6i?3^^h/J>— /^JF^Lfc^, ¥^#:S>&l©^ffiMfl>bp«ffi(^l<£> 
@7, 05A«O O 

[0162] XS7^p«tl8^7T^b7t#, #^#:S«l^*®^W^LT^f*SISl^SBff 

S<Z)J¥$^$tL5(Xm8, 05B#BSJ o 
[0163] XS8^Bff^c7)J¥$^X^^#:SlSl^W0bfc^, ^ifrifelcDlBtnt S 

[0164] &>±<D£5teJMl~9\Z.£0, #^Kfc<fc£SLD100tf5#£>*b5 o 

[0165] 06Af3, X1B©«fc5fcLTjiB£$;ftfcSLD100(f&U IH3A^^U7t— ^©Sfig 

[0166] 06A(^-rMX1i, tii^^60mW, 4 3 'll^S^840nm, ^^h/^i&^27 

[0167] rr-e, ||lcD4tFii^^©^^^Wi-^ll2cD#Fii^^^^^b^i:^ 

[0168] 06Btt, XfBcD±5^bTM^tl,7^SLD100(fB.U 02B, H3B^B7?:ft!lc7) 
[0169] m6B^-tm<Dm<D^^mxns *^PJl^J;3SLD100<Z?#^»m^60m 

[0170] m6BK^ir^mmK£&sLDioo(Dm(Dm&Kh, ^i<d#fs^^cd^^^ 
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[oi7i] &±<D£5tt&mz&zsLDiootimz.z>?£®im3te, i±m^^-r^wc(Di 

xa (1— xa) 

[0172] ^(D^^mo. 35%^bmi. 5%nm<D!±mm^m^-^)^m-r^^mn 

[0173] ^^^©SLDIOOT* In Ga As#FS^-f"5S^-#F^a 

xa (1— xa) 

[0174] ^S^cDSLDl 00^13:, _h|ScOj;5^#FS§r»§-2. 5nm^W5nmi}*< 

[0175] -fftfrib^ mmmmc^jT^m^^^t^^x, isv^aAtii^fc 
[0176] ±m<D^mmm2. ^m^nnox^m^^^^m^-r^^ 
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